Introduction
Intrauterine growth restriction (IUGR) is a common and complex obstetric problem. IUGR is noted to affect approximately 10-15 % of pregnant women [1] . IUGR is a diagnosis commonly made antenatally; however, some of these fetuses, especially if unscreened during pregnancy, may be detected only in the newborn period. It is very important for obstetricians and perinatologists to recognize growthrestricted fetuses, because this fetal condition is associated with significant perinatal morbidity and mortality.
Several definitions and terminology has been used in the literature to define IUGR, including but not limited to estimated fetal weight <25 %, <15 %, <10 %, <5 %, <3 %, <2.5 %, and <1 % for gestational age [1] [2] [3] . Other definitions of IUGR include estimated weight less than 2 standard deviations below the mean weight, abdominal circumference <10 % for gestational age. Both ACOG and RCOG have adopted the definition of IUGR as estimated fetal weight is less than 10th percentile [1, 2] .
The term IUGR has been used interchangeably with small for gestational age (SGA). SGA is a term commonly used for the neonate with birth weight <10 % [1] . SGA complicated 4-8 % of pregnancies in developed countries and up to 25 % of pregnancies in the developing countries [4••, 5, 6] . In this chapter, we'll use the terms IUGR and "antenatal SGA" interchangeably. The screening and diagnosis of IUGR or antenatal SGA involve accurate dating with an early ultrasound, preferably in the first trimester. Despite best dating estimate, prenatal detection and classification of IUGR and antenatal SGA is still poor. A study by Ott reported that 30 % of neonates with birth weight <10th percentile have IUGR and pathologic SGA, and remainder of the fetuses are normally grown for their potential and are at no increased risk of complications [7] . Clausson et al. in 2001 reported usage of customized growth charts to identify one third more antenatal SGA cases compared with those identified using the conventional population based birth weight percentiles [8] . Umbilical artery Doppler is very useful to differentiate the constitutionally small fetus from the pathologically small fetus [9, 10] .
Morbidity and Mortality in IUGR
IUGR can have significant consequences in fetal, neonatal, and adult life. To understand the morbidity associated with IUGR, it is important to understand normal fetal growth and development.
Fetal growth starts early in pregnancy by division of cells resulting in cell hyperplasia, followed by increased in size of cell (cell hypertrophy). Over time, the cell hyperplasia stops and the cellular hypertrophy continues to contribute to the growth of the fetus [11] . Placental growth and development is similar to the fetal sequence of cell hyperplasia and hypertrophy across the three trimesters of pregnancy [12•] . The placental growth follows a sigmoid curve that plateaus mid-gestation. Maternal and vascular adaptations occur to maintain the nutrient delivery system between the placenta and the fetus. Amino acid and glucose transport accounts for the exponential fetal growth by increasing muscle bulk and longitudinal growth of 1.5 % per day. After 28 weeks gestation, the majority of the fetal fat gain occurs with continued increase in the fat stores up to 16 % in preparation for the extra uterine life [12•] . Any insult occurring in the fetal growth period can result in fetal growth abnormalities. The earlier the insult is, more likely it will affect the cellular hyperplasia stage of the fetal growth, thereby resulting in symmetrical reduction of the organ size and a symmetrical IUGR fetus. In contrast, if the insult happens later in the gestation (after cell hyperplasia stage), the cell size will be affected, therefore resulting in asymmetrical IUGR [13] . The significance of the symmetrical and asymmetrical IUGR classification is unclear. The asymmetrical IUGR fetuses are noted to be at higher risk for major anomalies, low birth weight, perinatal mortality, hypertensive disorders of pregnancy, preterm delivery, cesarean section, and overall poor outcomes, compared to symmetrical IUGR [14] . Umbilical artery Doppler studies and antenatal surveillance are very good predictors of pregnancy outcomes in both types of IUGR [15, 16] .
Perinatal morbidity and mortality is significantly increased in the presence of birth weight less than 10th percentile. After prematurity, IUGR is the second leading cause of perinatal mortality. IUGR fetuses have approximately a fivefold to tenfold increased risk of dying in utero, with up to 23 % to 65 % of stillbirths [17, 18] . Approximately half of preterm stillbirths and one fourth of term stillbirths are growth restricted [4••] . The corrected perinatal mortality in the entire SGA population is 17.8 per 1,000 live births [1] . The perinatal rate is 21.3 per 1,000 live births in unscreened/undetected SGA versus 8.4 in screened/detected SGA [1] . Therefore, it is important to recognize these fetuses, start early antenatal monitoring and institute timely obstetrical interventions to reduce the perinatal deaths. The risk of fetal death in fetus with IUGR can be affected by several factors, including, but not limited to, the etiology of IUGR, gestational age at diagnosis, and umbilical artery Doppler ultrasound evaluation [1, 16] . A meta-analysis by Alfirevic et al. concluded that the use of Doppler ultrasound in high-risk pregnancies reduced the risk of perinatal death, induction of labor, and cesarean delivery. The number needed to monitor such fetuses with Doppler ultrasound to prevent one fetal death is 203 with 95 % confidence interval (CI) of 103 to 4,352 [16] .
IUGR infants are noted to have increased risk of adverse short-and long-term outcomes compared with SGA children [19] . IUGR increases the risk for intrapartum asphyxia, preterm delivery, and risks associated with preterm delivery, including but not limited to respiratory distress syndrome, intraventricular hemorrhage, and necrotizing enterocolitis [19, 20] . These infants also are found to have an increase incidence of low Apgar scores, umbilical cord pH less than 7.0, need for intubation, seizures, sepsis, and neonatal death [19, 21] . Other neonatal morbidities include polycythemia, hyperbilirubinemia, hypoglycemia, and hypothermia.
Effects of IUGR often affect childhood and adult life, as well. During the childhood period, associations are noted for increased risk of cerebral palsy, growth delay, short stature, and neurodevelopmental impairment [19, 22] . Angelica et al. described the phenomenon of perinatal programming, which refers to the negative effect of the intrauterine or perinatal events on the organ development of the fetus with the possibility of increased susceptibility of the disease in the adulthood [23] . In adult life, individuals who had IUGR were noted to have higher incidence of hypertension, diabetes, obesity, coronary artery disease, stroke, and metabolic syndrome [24] .
Etiology
The causes of IUGR are broadly described under three main categories: maternal, fetal, and placental [25] .
Maternal Factors
Several maternal demographic factors have been associated with IUGR. Women at extremes of reproductive age, especially young maternal age, are at increased risk for IUGR [26] [27] [28] . Similarly advanced maternal age has been associated with low birth weight [26, 27] . The study by Strobino et al. did not find an association between maternal age and low birth weight and reported an independent effect of social factors, such as ethnicity, poverty status, age at menarche, maternal height, net maternal weight gain, and smoking during pregnancy, on birth weight in adolescent mothers [28] .
Maternal race, lower socioeconomic status, and living in a developing country have been found to risk factors for IUGR [29] . Women with lower socioeconomic status and those living in developing countries commonly have poor nutritional status, maternal anemia, and poor prenatal care and substance abuse problem, which affect fetal growth. Maternal weight at birth, low pre-pregnancy weight, and poor weight gain during pregnancy are positively associated with increase in IUGR [29, 30] . It is unclear if the generalized caloric intake or specific nutrient deficiencies (e.g., glucose, zinc, folate) result in IUGR [15] . The data from the Siege of Leningrad during World War II [31] and the Dutch famine [32] reported maternal intake must be reduced to below 1,500 kilocalories per day before a measurable effect on birth weight becomes evident.
Several environmental and behavioral risk factors are known to cause IUGR. Women residing in high altitude areas are exposed to chronic hypoxia, which results in low birth weight. The studies conducted in Colorado, Peru, and Tibet showed direct relationship of high altitude and low birth weight [33] [34] [35] . Smoking in pregnancy is associated is 3.5-fold increased risk of SGA compared with nonsmokers. Up to 19 % of term low birth weight (LBW) has been attributed to smoking during pregnancy. Smoking is noted to have dose-, duration-, and trimesterrelated effect on fetal growth. Heavy smoking (>15 cigarette daily) and smoking throughout the pregnancy, especially in third trimester, is associated with low birth weight [36, 37] . Smoking cessation in pregnancy can prevent 17 % of LBW births. Women are more likely to quit during the pregnancy, therefore, pregnant women should be strongly encouraged to stop smoking, at any time in pregnancy, and as early as possible. A study by MacArthur et al. showed that birth weight of infants born to women who quit smoking before 16 weeks of gestation was similar to that of babies born to women who never smoked [38] . The safe amount of alcohol during pregnancy is unknown. The effect on fetal growth is related to the amount and gestational age of consumption of alcohol [37] . Fetal alcohol syndrome is commonly associated with IUGR. Maternal illicit drug use has been associated with an increasing incidence of SGA infants in mothers with heroin [39] and cocaine addiction [40] , with rates as high as 50 % and 30 %, respectively. Exposure to various medications, such as warfarin, anticonvulsants, antineoplastic agents, and folic acidantagonists (such as trimethoprim-sulfamethoxazole, phenobarbital), can result in IUGR [41] .
A short interpregnancy interval is associated with IUGR [42] . Artificial reproductive techniques (ART) and infertility are independent risk factors of IUGR. There is some evidence that superovulation can affect DNA methylation, causing imprinting changes, which can affect fetal growth and development. Singleton infants resulting from in vitro fertilization (IVF) and superovulation without ART are at higher risk for LBW and SGA compared with no treatment; however, no such association is found in multiple pregnancies [43] .
Several other maternal disease conditions are associated with IUGR. These maternal causes of IUGR commonly are related to reduced uteroplacental blood flow, reduced oxygen-carrying capacity, or decreased nutrition to the fetus [25] . Maternal systemic conditions, such as chronic hypertension, preeclampsia, pregestational diabetes (class C, D, R, F), chronic renal insufficiency, systemic lupus erythematosus (SLE), antiphospholipid syndrome (APS), can affect the fetal microcirculation and thereby decrease fetal perfusion, leading to hypoxia and IUGR [41] . The uteroplacental insufficiency associated with preeclampsia can be caused by failure of trophoblast invasion of the myometrial segment of spiral arteries, leading to failure of dilatation of these vessels, atherosis, occlusion, and infarction [44] . Diabetes can cause hyperglycemia-related damage to the endothelial lining of micro-and macrovascular system and structural changes in placental decidual arteries, therefore causing hypoperfusion and growth restriction in fetuses of diabetic women [45] . Renal diseases (nephrotic syndrome, chronic renal failure, renal transplant, hemodialysis), autoimmune diseases (SLE), and acquired thrombophilias [APS especially anticardiolipin antibodies (ACA)] have been associated with IUGR [4••] . In contrast, inherited thrombophilias are not associated with IUGR. Chronic maternal hypoxemia due to pulmonary disease (uncontrolled asthma, COPD, cystic fibrosis), cardiac disease (cyanotic congenital heart disease, heart failure, poor functional status with New York Heart Association class III/IV), or hematologic disorders (severe anemia, sickle cell anemia, b-thalassemia, hemoglobin H disease) is associated with diminished fetal growth [1, 4••, 12•]. Maternal malnutrition and gastrointestinal conditions (such as Crohn's disease, ulcerative colitis, and gastrointestinal bypass surgery) can cause lower birth weight because of decreased nutrition to the fetus. Protein deficiency or restrictions can be associated with symmetrical IUGR.
Other maternal causes include uterine factor (e.g., fibroid, müllerian anomalies) [46, 47] , maternal periodontal disease [48] , and genetic conditions, such as angiotensinogen gene mutations. Prior history of SGA infant increases the risk of recurrent SGA to up to 25 %. The women who were SGA at birth have twofold increase for risk of fetal growth restriction in their offspring [49] .
Fetal Factors
Fetal factors can vary from genetic causes, congenital malformations, fetal infection, or other causes, including multiple pregnancies.
Genetic causes can contribute to 5-20 % of IUGR, especially for early onset growth restricted fetuses. Genetic causes further include various abnormalities, such as chromosomal abnormalities, e.g., trisomy 21, 18, 13, and 16 [12•, 25] . Of these, trisomy 18 is associated with more severe IUGR compared with trisomy 21 or 13. Trisomy 16 is known to be a lethal chromosomal abnormality in the nonmosaic state; however, in the presence of placenta mosaicism, trisomy 16 can result in IUGR. Autosomal abnormalities, including deletion of chromosomes 4 (WolfHirschhorn syndrome), 5 (Cri du chat syndrome), 13, 18, and ring chromosome structural alterations, have all been associated with IUGR [25, 50] . Other chromosomal abnormalities linked to IUGR include uniparental disomy of chromosome 6, 14, and 16. Abnormalities of sex chromosomes, including complete deletion of X chromosome resulting in Turner's syndrome (45XO), extra or missing sex chromosomes also have been associated with IUGR. Single gene disorders, such as Cornelia de Lange syndrome, Russell Silver syndrome, Fanconi's anemia, Bloom syndrome and some skeletal dysplasias, have been associated with IUGR. Other genetic factors include gene polymorphisms of the matrix metalloproteinase 2 C-1306 T gene in the fetal and maternal LRP8 gene, maternal detoxification enzyme CYPP1A1 gene, as well as and mutations in the gene for insulin-like growth factor [25, 41] .
Congenital malformations, including congenital heart disease, diaphragmatic hernia, abdominal wall defects (omphalocele, gastroschisis), renal agenesis or dysplasia, anencephaly, and single umbilical artery, are associated with IUGR [50, 51] .
Infections accounts for less than 5 % of IUGR fetuses. Common infections include viral (rubella, CMV, herpes, varicella, herpes zoster, HIV) and parasitic infections (toxoplasmosis, syphilis, malaria). Bacterial infections are a less likely etiology of IUGR; however, chlamydia, mycoplasma, listeria, and tuberculosis have been reported to cause fetal growth restriction [25, 41] . The most common infectious etiology of IUGR in developed countries is CMV. The mechanism of the impairment of fetal growth in CMV results from direct cytolysis and loss of cell function in various organ system in the fetus [52] . In developing countries, especially the sub-Saharan Africa, IUGR commonly results from Malaria in pregnancy [53] . Malaria infection in the pregnancy results in low birth weight and IUGR secondary to poor oxygen and nutrient transfer to the fetus from the destruction of red blood cells and placental malaria, which results from plasmodium infected RBC causing vascular obstruction. Other viral, parasitic, and bacterial infections are associated with direct cell damage, or transplacental passage causing fetal infection, or placental vascular insufficiency.
Multiple pregnancies are known to have fetal growth restriction as one of the common complications, and account for up to 3 % of all cases of IUGR. Multiple pregnancies are at fivefold to tenfold higher risk of IUGR compared with singleton pregnancies with 15-30 % incidence of fetal growth restriction in twins [54] . The risk of fetal growth restriction depends on a variety of factors, including number of fetuses, chorionicity, presence of congenital anomaly or umbilical cord abnormalities, such as velamentous cord insertion or two-vessel cord, unequal placenta sharing with selective IUGR, presence of twintwin transfusion syndrome, conjoint twin, acardia, and maternal under nutrition [55, 56•] . Multiple pregnancies have a growth rate similar to singleton pregnancy until 30-32 weeks [57] , after which the growth velocities of abdominal circumference, femur length, and biparietal diameter are noted to decrease. Growth discordance of 15-25 % or higher is associated with increased risk of neonatal morbidity and mortality [1, 56•] .
Placental Factors
Placental insufficiency accounts for many cases of IUGR and can affect up to 3 % or more of all pregnancies. The pathogenesis of IUGR is not well defined; defects in the placental circulation and transport can affect the nutrient transport to the fetus, resulting in IUGR. The relative decrease in placental mass and function can result in the development of IUGR [12•] . Several animal models have shown that fetal growth can be impaired when up to 50 % of the placental mass is removed. Like the animal model, growth-restricted human fetuses are noted to have approximately a 24 % smaller placental weight compared with a normally grown fetus. In addition to placental mass and function, immunological disturbances at the maternal-fetal interface may result in IUGR. The activation of dendritic cells (DCs) at the maternal-fetal interface contributes to the optimal immune response at level of decidua to support fetal-placental development. These DCs can be easily accessed in the peripheral blood and their activation status can be determined in a normal pregnancy. A recent study by Cappelletti et al. noted reduced number of circulating DCs, lacking activation in pregnancy complicated by IUGR, compared with normal healthy pregnancy. These changes in DCs if confirmed at maternal-fetal interface can potentially impact the vascular development in decidua and fetal growth during pregnancy [58] .
Abnormal implantation, such as placenta previa, can result in suboptimal nutrition to the fetus. Other common placental causes of IUGR include placental abruption, placenta accreta, placental infarction, fetal villous obliteration, circumvallate placenta, and placental hemangioma [25, 59] . Confined placental mosaicism, single umbilical artery, and velamentous cord insertion also can result in growth restriction [41, 60] . Rare placental tumor, such as chorioangioma, can decrease the uteroplacental flow, which can impair fetal growth. Diffuse chronic villitis of unknown etiology can be associated with IUGR. A recent study by Sato et al. noted higher prevalence of placental infarction, fetal vessel thrombosis, and chronic villitis in IUGR fetuses compared with normal growth pregnancies [61] .
Diagnosis
IUGR (also called here antenatal SGA) is diagnosed based on establishment of accurate early dating, assessment of risk factors, followed by ultrasound for fetal growth. There are additional tests involved to rule out any other underlying cause. The diagnosis of IUGR (aka antenatal SGA) is made when the EFW is <10 % percentile for gestational age as calculated by biometric measurements (Fig. 1) .
The first step in diagnosis of fetus with growth restriction is to establish accurate dating. The algorithm for determining the estimated date of delivery is as follows: before 13 6/7 weeks gestation, if LMP and ultrasound based dating differed by 7 days, preference is given to the ultrasoundbased date; between 14 and 19 6/7 weeks gestation, if LMP and ultrasound-based dating differed by 10 days, preference is given to the ultrasound-based date [62] .
After establishment of accurate dating, identification of risk factors by obtaining medical history is critical to identify IUGR (Table 1) . A detailed medical history can be useful to identify maternal systemic disease, which can affect fetal growth. Poorly controlled maternal diseases, such as hypertension, renal disease, long-standing pregestational diabetes with vasculopathy, and other systemic disease, can impact fetal growth significantly. Identification of the modifiable risk factors, such as smoking and illicit drug use, can be useful in providing preventive interventions. Monitoring of weight gain on prenatal visit can identify the maternal nutrition. Also, measurement of the symphysis-fundal height (SFH) height provides a helpful measure to assess fetal growth during office visits.
Based on history and risk-based assessment, infectious workup, including serology for maternal IgG and IgM for CMV, toxoplasmosis, and HSV may be considered. Rubella immunity also should be tested if not performed with the routine prenatal labs. There is insufficient evidence to test routinely for thrombophilia; however, APS testing (ACA IgG and IgM, lupus anticoagulant, beta-2 microglobulin IgG and IgM) could be performed to manage the current and future pregnancy [63] .
There are various screening techniques that would further warrant the growth ultrasound for the diagnosis of IUGR. Common screening methods include serum analytes screening, uterine artery Doppler, and SFH. Abnormal first and second Fig. 1 EFW=estimated fetal weight; UA=umbilical artery; AFI=amniotic fluid index; TORCH=toxoplasmosis, other (syphilis), rubella, cytomegalovirus, herpes; PCR=polymerase chain reaction; NIPT=non-invasive prenatal testing trimester serum screening can be associated with IUGR and abnormal pregnancy outcomes. In first trimester, unexplained low pregnancy-associated plasma protein A (PAPP-A) or human chorionic gonadotropin (hCG) [64] , and the unexplained elevation in serum AFP, HCG, or inhibin A, or low estriol in second trimester, could be associated birth weight <10th percentile [65, 66] . The second screening tool used in the first trimester includes uterine artery Doppler. Abnormal first trimester uterine artery Doppler is associated with IUGR. The sensitivity of the association of the uterine artery Doppler with abnormal pulsatility index (PI) with IUGR is 12 % in the first trimester [67] . Uterine artery Doppler seems to be a poor screening tool; however, this information can be used to start the preventive therapy with baby aspirin before 16 weeks gestation in women at high risk for IUGR [68•] . Another simple tool commonly used in office includes measurement of SFH (which is done along the fetal axis from fundus to pubic symphysis), which could be followed serially during the prenatal visits [69] . The definition of normal SFH is fundal height ±2 or ±3 cm of gestational age. SFH measurement can be associated with interobserver variability and low accuracy. Compared with clinical assessment by abdominal palpation, SFH on customized growth charts increase in antenatal detection of SGA babies from 29 % to 54 % with low false-positive rate [70] Suspected growth restriction could be further evaluated by detailed ultrasound of fetus to identify fetal anomalies in addition to biometry. In high-risk pregnancies, serial growth ultrasound or abdominal circumference (AC) measurements are the best predictors of fetal growth [71, 72] . Ultrasound has been used for calculation of the estimated fetal weight for years. The four basic measurements, including biparietal diameter (BPD), head circumference (HC), femur length (FL), and abdominal circumference (AC), can be performed starting at 14 weeks gestation using standard AIUM guidelines [73] . The calculation of estimated fetal weight (EFW) was done in the past using several formulas, of which Hadlock C is the most common formula used in clinical practice [74•] .
The accuracy and reproducibility of various biometry measurements are described in the literature. After 14 weeks, BPD is noted to be highly reproducible parameter; however, the shape of head can affect BPD measurement. Corrected BPD formulas are available for the measurement of abnormally shaped head. The variability of the measurements of BPD, HC, and FL is less compared with AC between 14-20 weeks. However, the variability is noted to increase with increasing gestational age and size from 20-42 weeks gestation [75] . The inter-and intraobserver variability could be affected by various factors. The common factors include fetal presentation (head low in the pelvis), fetal activity (breathing movement), amount of amniotic fluid, type of fetal measurement (linear versus ellipse), the plane of measurement, the placement of caliper, gestational age, and maternal body habitus [76] . Zalud et al. found the measurements produced by the automated OB software to be comparable with the sonographer's measurement, with lesser errors noted on automated measurements. The results of automated OB software program appears to be a great future tool in fetal biometry; however, the standard biometry practice defined by AIUM is used until there is more evidence to automated biometry [77] .
There are other ultrasound parameters, such as AC alone, HC/AC ratio, FL/AC ratio, and ponderal index (PI), which can be used in identifying IUGR fetuses. AC alone can be a single sensitive parameter for detecting IUGR, with sensitivity, specificity, positive, and negative predictive values of AC in predicting SGA is 61 %, 95 %, 86 %, and 83 %. The HC/AC ratio and FL/AC ratio can predict accurately the asymmetric IUGR related to placental insufficiency, therefore, can be used as screening parameter for high-risk pregnancies where IUGR is suspected [78, 79] . The fetal PI is calculated using sonographically derived EFW and FL measurement. This index is more useful to diagnose IUGR in the newborn. However, the correlations of the fetal PI and neonatal PI is poor; therefore, PI is of limited utility during the pregnancy [80] . Another parameter used is transcerebellar diameter (TCD), which is not affected by IUGR and therefore can be used as an independent indicator of GA [81] . The TCD/AC ratio has been shown to predict IUGR if the ratio is more than 2 SD above the mean; however, this ratio is not routinely used until proven by further studies [82] .
The physiological variables, including maternal height, weight, parity, ethnicity, fetal sex, and gestational age, are known to affect fetal growth; therefore, several adjusted and customized growth chart and models are available [83, 84] . The coefficient of such growth charts have been assessed in the U.S. population; however, the practice of such growth charts in the ethnically heterogeneous and geographically mobile U.S. population is yet to be determined [1, 85] .
The umbilical artery (UA) Doppler ultrasound in the second trimester in high-risk pregnancies could be used to predict the development of the IUGR later in the pregnancy [16] . However, the utility of routine UA Doppler's in screening of IUGR in low risk population is not proven. UA Doppler can be used in the management and follow-up of the fetuses with IUGR. The pattern of changes in the UA Doppler velocimetry can further predict the fetal outcome. Progressive decrease in the diastolic flow in UA Doppler reflects the increasing placental resistance from the obliteration of the placental tertiary stem villi, and the reversal in UA Doppler can be seen after 70 % of placental tertiary villi are obstructed [86] . Progressive hypoxemia can result in redistribution of the blood flow centrally to brain, heart, and adrenals. This results in the increase in diastolic flow in the middle cerebral artery (MCA). In the advanced stages of IUGR, the central venous circulation of the fetus is affected [87, 88] . The Doppler waveform from ductus venosus (DV) can reflect the end-diastolic pressure in the right ventricle from the increased right ventricular afterload [89] . Abnormal DV waveforms (decreased, absent, or reversed) can predict the fetal acidemia and increased risk of perinatal death [90] .
The invasive techniques, including amniocentesis and central villus sampling (CVS), are available for identifying the causes of IUGR. Once the diagnosis is established with the ultrasound before 24 weeks gestation and cause of the IUGR is unknown, amniocentesis should be offered for the karyotype and infectious workup (PCR for toxoplasmosis, CMV, HSV). If placental cause is suspected, the placental biopsy may be considered to evaluate for placental mosaicism [60] .
Conclusions
IUGR is associated with high perinatal morbidity and mortality. It is important for obstetricians and perinatologist to recognize the fetus(es) at risk of IUGR. The foremost priority is to establish the dating criteria and further identify the modifiable risk factors and optimize the maternal systemic disease. The women at risk for IUGR can be assessed with uterine artery Doppler to further evaluate the initiation of baby ASA before 16 weeks gestation. Diagnosis of IUGR is made by when the ultrasound EFW is less than 10th percentile. The umbilical artery Doppler should be performed in IUGR fetuses to formulate the antenatal management plans.
Invasive testing should be offered to rule out aneuploidy and in utero fetal infection. Serial growth ultrasound and UA Doppler studies are used to follow-up the fetus(es) with IUGR.
